hydrographic and time series data has been gathered which, combined with the historical data set, permits an examination of the climatology in terms of monthly mean conditions throughout the area.
INTRODUCTION

Recent studies of southeastern United States continental
shelf waters have significantly increased spatial and temporal coverage of hydrographic and current meter observations. The combination of these data with historical data sets permits an examination of the oceanographic climatology of the area in terms of monthly mean hydrographic properties and seasonal mean flows.
The general atmospheric climatology of the region, commonly referred to as the South Atlantic Bight (SAB), has been described by Jacobson [1974] and Ruzecki [1974] . Monthly wind regimes were recently described from analyses of surface wind fields obtained from a large set of ship observations [Weber and Blanton, 1980] . Several papers have discussed aspects of the nearshore oceanographic climatology using lightship data [Chase, 1969 [Chase, , 1971 ;Burnpus and Chase, 1965; Parr, 1933] . Another series of papers [Church, 1937; Schroeder, 1963; Fuglister, 1947] hydrographic and time series data has been gathered which, combined with the historical data set, permits an examination of the climatology in terms of monthly mean conditions throughout the area.
Before continuing, it is necessary to discuss the time scale of events in the SAB and the relationship of monthly mean statistics to longer and shorter time scales. The SAB has a broad and shallow shelf and responds quickly to atmospheric conditions, especially on the extremely shallow inner shelf. Inner shelf water temperatures respond to air temperature cycles at frequencies ranging from daily to seasonal to interannual. The large heat capacity of water insures a highly damped response to daily air temperature cycles, but cycles at seasonal and interannual time scales have a large effect. Similar arguments apply to the inner shelf salinity field, which is controlled by seasonal and interannual cycles of fiver discharge.
The outer shelf responds seasonally to atmospheric conditions, but response is suppressed owing to the proximity of the deep ocean. Most variability there is due to Gulf Stream frontal effects which occur at periods of 2 days to 2 weeks (see Lee et al. [ 1981] for a recent review). Variations in Gulf Stream transport at the 2-day to 2-week time scale are as large as seasonal variations [Niiler and Richardson, 1973] . Thus outer shelf statistics must be viewed with particular caution especially when biological implications are considered. Because of the sampling limitations of the monthly mean statistics, we present selected examples of variability at periodicities below and above the monthly time scale. Figure 6 ). Curiously, during October very low salinities are found off Florida. Fall runoff is one third the spring runoff, so either the monthly mean is biased or, as we believe, onshore transport associated with strong northerly winds in October retains low-salinity water in the coastal zone, while advecting these waters to the south.
In the summer, shelf water salinities vary from 34 to 36 x 10 -3. Lowest salinities are found on the inner shelf off South Carolina. Highest salinities are found over the north Florida and Georgia outer shelf with the exception of a region of lowered salinity over the north Florida shelf in July that may reflect upwelling. The position of low-salinity water off South Carolina may be related to northward winds advecting low-salinity coastal water to the north.
As with surface temperature, salinity gradients are strongest in the cross-shelf direction. Gradients are usually highest at 31 ø to 32øN, which is adjacent to the highest river runoff. In the fall, however, the zone of maximum salinity gradient appears to move south to 29 ø to 30øN.
Bottom Temperature Distribution
Bottom temperatures are more difficult to interpret because, in addition to atmospheric heating and cooling, the effect of upward advection of deeper Gulf Stream water will cause local cooling of the bottom water. The cooling of bottom water because of this process is seldom seen in the surface water during summer because of the large heat influx. Several recent papers refer to the shelf break upwelling process [ Bottom temperature gradients are also highest in the cross-shelf direction but undergo a sign reversal. In the winter, near-bottom shelf water is Colder than deeper offshore near-bottom water with highest gradients in the central part of the SAB. In summer, offshore water is colder, especially off north Florida. Highest gradients are found at 33ø-34øN in the winter and at 29ø-30øN in the summer.
Currents
The climatology of mean flow conditions in the SAB is not as well defined as atmospheric and hydrographic variables. Early estimates of mean flows were derived from hydrographic data and drifter trajectories. From drifter studies, Bumpus [1973] showed that surface flow was generally northward from January through July, switching to southward in August, September, and October, with an indication of continued southward flow in November and December.
Surface flows showed a strong tendency to follow the prevailing winds. There was also evidence of a more persis- 
Heat Flux in Inner Shelf Water
Heat exchange between shelf waters and the atmosphere can be calculated for the inner shelf by assuming that advective heat flux is relatively small. This is believed to be a reasonable assumption because inner shelf water on this broad, shallow shelf responds quickly to atmospheric thermal forcing, and atmospheric events are more frequent than hydrospheric events. The net heat exchange, Qn, was calculated by determining the monthly change in the heat content The accumulated monthly heat exchange, EQ, for the three areas over a year's time (Figure 9b) shows a net calculated heat loss of 2.6 kcal cm -2 month -l. This is about 10% of the total yearly incoming heat flux, probably within our error margin, and agrees with other annual average heat gain calculations [Bunker, 1976] . The mean inner shelf water temperature T clearly lags accumulated heat input during the spring, because of cooling due to sensible heat loss and By May, high salinity water was warming, as was the whole shelf. June data are sparse and are not discussed. In July no shelf water was cooler than 24øC and 52% had less than 36 x 10 -3 salinity. This same situation held in August, when 32% of shelf water was less than 36 x 10 -3 salinity. We believe that the increased volume of water with salinity less than 36 x 10 -3 which occurred during summer was related to upwelling of cooler, fresher water at the shelf edge rather than fiver input. This is pa•!y confirmed by the lack of significant amounts of water with salinity lower than 35 x 10 -3 , and in July lower salinity water was cooler (less than 27øC).
In September the percentage of waters less than 36 x 10 -3 salinity decreased to 14% of the shelf volume. As mentioned previously, October, which features strong southward wind stress had anomalously low salinity inner shelf water. Water less than 36 x 10 -3 salinity accounted for 22% of the shelf volume while runoff was at its lowest. In November the situation was similar with 23% of the shelf volume in the less than 36 x 10 -3 category. This implies that the movement of water across the shelf was restricted, probably by southward winds which produce an onshore component in the surface flow.
Mean Bulk Stratification
Stratification of shelf waters is caused by seasonal processes such as heating/cooling, runoff, and wind mixing. Bulk stratification calculated from monthly differences in surface and bottom density is used to estimate annual variations in stratification for different parts of the SAB. In Figure 12 we show the regional distribution of the bulk stratification parameter.
In Stream water and shelf waters. During other times of the year stratification was most intense off Florida.
Salt Balance
Monthly mean surface and bottom salinities are used to estimate annual mean shelf exchange rates and residence times, using a salt balance method [Pritchard, 1960] This assumes that along-shelf flows in and out of the region are approximately equal and in the same direction so that their effects cancel, a contention which is in part supported by the consistency of mid-shelf current observations (Figures 8a, 8b) and the model results of Lee et al. [1982] . We also assume that precipitation is approximately equal to evaporation for the reasons previously stated. Conservation of salt states that the net transport of salt into or out of the shelf must equal the local time rate of change of the shelf volume average salt content, which can be approxi- Gulf Stream salinity. Stratification undergoes a pronounced seasonal cycle in the midshelf zone. During NovemberMarch atmospheric cooling over the variable depths appears responsible for cross-shelf gradients in density with denser water in shallower depths. However, the combination of wind and tidal mixing with low river runoff is sufficient to maintain vertically homogeneous conditions over most of the midshelf region. Topographically enhanced stratification appears to occur in the lee of capes and regions of diverging isobaths such as in the vicinity of Cape Canaveral and the Carolina Capes. April appears to be a transition period with decreasing wind speeds and increasing runoff and atmospheric heating, which results in a positive cross-shelf density gradient and the onset of stratification at midshelf. During June-August, stratification is widespread and the shelf becomes essentially a two-layered system. The fall transition occurs in September and October with the onset of enhanced southward wind events that increase vertical mixing and begin to break up the summer stratification.
In the inner shelf (0-20 m isobaths) flow and hydrographic properties are strongly influenced by river runoff and atmospheric forcing. Runoff tends to form an along-shelf band of low salinity water in the inner shelf which results in some degree of year-round stratification. Salinity in the band is less and stratification greatest during spring when runoff is highest. The shallow, stratified water of the inner shelf is very responsive to wind forcing. During June and July, mean winds are toward the north and low salinity water is observed off the Carolinas. In September and October, southward winds appear to be related to the occurrence of lowsalinity water in the inner shelf off Florida and Georgia.
The annual mean exchange rate of the combined midshelf and inner shelf waters with outer shelf waters is estimated at 20% per month. At this rate we estimate a mean residence time for the shelf of approximately 1 year.
